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ABSTRACT 
The GIS is a tool that allows us to study the logic of the distribution of phenomena that occur on the Earth’s surface. In 
this article, we propose exploring its potential for historical research over long periods. Here, we present a Historical 
GIS (HGIS) of the railways of Europe for the period 1830-2010. This is a response to the need to carry out spatial- 
temporal analyses in order to evaluate the territorial impact of the railway and its influence on the distribution of popu- 
lation. The main objectives of this work are: to publicise the existence of this spatial database; to explain the approach 
followed in order to produce it; and to highlight some of the results that have already been achieved by using it. To date, 
the possibilities offered by HGIS have hardly been explored in research into the territorial impact of the railway. Simi- 
larly, until now, little work has been done in this area at the European scale. The most innovative aspects of this HGIS 
therefore lie in the methodology used and the subject treated. 
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1. Introduction 
The railway has played an important role in the territorial 
organisation of Europe as it has been one of the main en-
gines behind its urban and economic growth and transfor- 
mation [1]. This is evident from the inauguration of the 
first regular passenger and freight service between Liv-
erpool and Manchester in 1830 until the emergence of 
mass car transport in the second half of the 20th century. 
This article presents a Historical GIS (HGIS from here 
on) of Europe’s railways for the period 1830-2010. It 
also makes an important methodological contribution on 
two different levels. Firstly, it explains how this work 
was conducted, as this is an approach that could be 
adapted for similar studies in other parts of the world or 
for other types of transport infrastructure. Secondly, it 
explores the potential of our historical and georeferenced 
database. 
We conceived the HGIS as a tool for analysing the 
impact of the railway network in Europe. The Old Con-
tinent is of particular interest as a case study because it 
was the first place where the railway network developed. 
In Europe, the industrialised countries took part in a race 
to develop their respective railway networks from 1830 
onwards and also to invest in more peripheral countries. 
This overview is relevant, but this database can also be 
used for studies conducted at a more detailed scale—at 
the national level—as we shall see later. 
Exploiting the potential of GIS offers the advantage 
that “...using these tools and techniques allows historians 
to re-examine radically the way that space is used in the 
discipline” [2]. HGIS offers a new analytical approach 
with an empirical base that complements the traditional 
way of undertaking descriptive studies. This methodol-
ogy for analysing the railway network from a historical 
perspective has, until now, been little explored. 
We shall now go on to discuss some other, earlier, 
studies and to establish our main lines of work. We shall 
then detail the sources consulted and their respective char- 
acteristics before explaining and justifying the approach 
employed to establish the database. We shall then show 
some of the results obtained with the analysis of these 
data, presenting them in the form of maps, graphs and 
tables. Finally, we shall identify future lines of research: 
how we can work with this information; which data can 
be crossed; and what results can be obtained. 
2. The State of the Art 
The creation of this HGIS was a response to the need to 
carry out several pieces of descriptive and quantitative 
research related to the evolution of railways in Europe. In 
essence, we wanted to give the spatial component the 
importance that it merits when analysing this infrastruc-
ture. In this section, we shall show how other authors 
have worked in this direction, although there is still a need 
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for a historical database of socio-economic factors for the 
whole of Europe. This is an empirical task that calls for a 
good degree of organisation and Siebert [3] has provided 
a guide as to how this could be achieved. 
The potential of GIS and its applications in different 
disciplines has been well documented in recent years. In 
research, it has not only been recognised as a tool for 
making descriptive maps, but also as providing a reposi- 
tory for storing socio-economic data about territory and a 
tool for analysing historical patterns and their spatio- 
temporal evolution [4,5]. The construction and impact of 
railways in Europe is one of several possible cases for 
study. 
GIS is present in the management and analysis of pre-
sent-day railway networks, but it is not so common for it 
to contemplate the historical component. Even so, there 
are initiatives for which geographical databases have 
been created in GIS that include historical data relating to 
railways. They have even been used to carry out a num-
ber of different socio-economic studies [6-11]. However, 
these databases only cover national territories and con-
tained detailed information about railway infrastructure. 
There is therefore a need for a more comprehensive focus, 
at a continental scale, which should respond to rather 
generalist interests, as in the case treated in this article. 
Of all the studies that have addressed the development 
of railways at the regional scale using HGIS, we should 
perhaps highlight those conducted by Loren Siebert and 
Jeremy Atack. Siebert [3] described a procedure for con-
structing a railway database for Kanto (Japan) with the 
objective of taking advantage of GIS to study the history 
of transport networks. Atack et al. [12] also developed a 
railway HGIS to analyse urbanisation and population 
growth in the American Midwest during the period 1850- 
1860. 
In the case of Europe, when we seek to analyse a na-
tional or regional area, we often find that complete and 
reliable data are available for our research but that they 
tend to focus on the peculiarities of each region or State. 
There is therefore a need for a historic database for the 
whole of European territory. Without one, the task of 
investigating socio-economic processes at the pan-European 
level, without limiting research to the national scale, will 
be complex [13,14]. 
To facilitate this process, the INSPIRE1 directive aims 
to create an infrastructure of spatial data for the whole 
European Union and to integrate geographic information 
from all the member states [15]. Within this framework, 
GISCO2 will offer a set of spatial data for the whole of 
Europe which will include: urban centres, transport net- 
works, hydrography, relief, etc. These initiatives mainly 
aim to collect geographical data for the whole of Europe. 
Unfortunately, however, for the moment, the historical 
component still remains very underdeveloped. 
The contribution that we present here follows this 
general line: it is a historical railway database that per- 
mits a quantitative analysis of the evolution and impact 
of the railway on the whole of Europe. However, to do 
this requires having a database that is homogenous and 
comparable across all the different European countries. 
3. Sources of Information 
Looking for historical data tends to be the slowest and 
most difficult part of any research process because docu- 
mentation is often limited and difficult to find. To cover 
these limitations, it is necessary to look for and integrate 
various sources [4], though it should be added that this 
can also compromise the comparability of the results 
obtained. This is the case with historical data relating to 
railways, because there is no one single homogeneous 
series of documents that offers information about the 
evolution of the railway network for the whole of Europe 
for the period 1830-2010. 
It is for this reason that we have devoted a separate 
section of this article to our sources of information. We 
first comment on the types of sources, separating them 
into written documents and maps. This classification is a 
response to the different formats that we must work with 
and which we shall subsequently explain. Finally, we 
shall mention and explain the main documents that were 
consulted in order to produce the railway database. 
Written sources can generally be found in the histori- 
cal archives of the different national railway companies 
and/or foundations. These are completed, with detailed 
information on the railway history of each country. There 
is, however, a lack of uniformity between these sources 
and this makes it difficult to undertake comparative studies 
of the evolution of the network for the whole of Europe. 
Maps usually provide a snapshot of space at a particu- 
lar moment in time, although some show the evolution of 
a specific subject. They tend to be complex as they syn- 
thesise a variety of information. In our case, however, we 
used thematic maps of railways as our preferred source 
as they highlight railway lines. Although these sources 
are often old editions aimed at tourists, these maps tend 
to be accurate and allow us to trace the historical evolu-
tion of the railway network. The first step is to establish 
the year of publication, the map scale, the categories of 
the lines shown and the criteria used to distinguish be- 
tween them. Unfortunately, there is no single homoge- 
neous railway map series for Europe for the period 
1830-2010. We therefore selected the largest series 
available and filled in the information gaps with the help 
1Infrastructure for Spatial Information in Europe  
(http://inspire-geoportal.ec.europa.eu) [as of 02/11/2011] 
2Geographic Information Systems of the Commission (http://epp.eur
ostat.ec.europa.eu/portal/page/portal/gisco_Geographical_information_
maps/introduction) [as of 02/11/2011] 
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of national railway maps or more general thematic maps, 
such as atlases. 
A georeferenced map with an overlaid vector layer of 
the Digital Chart of the World allows us to distinguish 
each railway line. Meanwhile, written documentation 
provide us with information about the year in which a 
particular line opened and/or closed and about the mu-
nicipalities (or stations) of origin and destination. This is 
rather slow to consult, as cartographic support is required 
to cover the visual shortcomings, but the result obtained 
tends to be more complete and detailed. 
There are several important cartographic sources where it 
is possible to find historical maps on which railway lines 
appear, including: the University of Cambridge Library, 
the British Library, the Bibliothèque Nationale of France 
and the National Library of Scotland. 
The main sources of information that we used for this 
project were: 
1) The Digital Chart of the World3, which is a vector 
data model at a scale of 1:1,000,000, which was created 
by the US Defense Mapping Agency (DMA) and pub-
lished by the Environmental Systems Research Institute, 
Inc. (ESRI) in 1992. Amongst other features, this con-
tains a layer with the railways in Europe. From it, we 
took the spatial component of the railways, including the 
layout of the railway lines of Europe, with the exception 
of Great Britain. 
2) The Railways of Great Britain, a Historical Atlas 
[17] is a railway atlas of Great Britain published in two 
volumes: a first, on England and Wales, and a second on 
Scotland. The author, Michael H. Cobb, affirms that “the 
purpose of this Atlas is to show all the railway lines in 
Great Britain opened to traffic between 1807 and 1994 
annotated with historical detail” [17]. The map scale is 
one inch to one mile, so these maps are both detailed and 
precise. From this source it was not only possible to ob-
tain the spatial component: the layout of the lines and the 
location of the stations, but also the years in which they 
opened and closed. 
3) Thomas Cook publishing offers a series of railway 
maps for Europe in which each map shows the lines 
recommended to tourists visiting Europe at the time 
when each edition was published. Although this series 
was originally aimed at tourists, it is a data source to se-
riously consider when researching railway history. The 
maps published before the 1970s have the inconvenience 
of being schematic. However, from the 1978 onwards, 
they became more complete and also included informa-
tion relating to the type of line (e.g. narrow gauge, main 
line, high-speed line, etc.). 
4) John Bartholomew and Son is a publishing company 
that was acquired by Harper-Collins. Since its foundation 
in 1826, it published numerous different theme-orien- 
tated atlases and maps of Europe. This publishing com- 
pany gained prestige through its links with the Royal 
Scottish Geographical Society [18]. 
5) The Historie Chronologique des Chemins de Fer 
Europeens4 website contains maps of Europe’s railways 
for each year from 1834 through to 1939. This website 
shows the railway lines for the whole of Europe (with the 
exception of narrow gauge lines), on a year by year basis, 
over a period of more than 100 years. However, in some 
areas, it was necessary to check that all the information 
provided corresponded to reality. 
6) To complete the database and fill in some of the in- 
formation gaps that were not resolved with earlier mate- 
rial, we also consulted other national-level information 
sources. These are often provided by the work of research 
groups or national railway foundations. We also consulted 
national and international atlases that included comple- 
mentary information about railway networks. 
4. Methodology 
The development of the railway database passed through 
the following phases: 1) the search for and evaluation of 
the information sources; 2) the reconstruction of the 
evolution of the European railway network from selected 
documents; and 3) the correction of topological errors. 
These different phases are detailed below. 
The search for sources of information showed that 
there are differences in the availability of information 
between the territory corresponding to Great Britain and 
the rest of Europe; as a result, we decided to use different 
methodologies for these two cases. For Great Britain, 
there is a source that offers complete information from 
which it was possible to extract both the layout of the 
lines and the years in which they opened, and in some 
cases closed. We also obtained the locations of stations 
and their years of opening and closure. These data were 
not, however, available for the rest of the Continent. For 
the other countries of Europe, we included various 
sources of information, but it was not possible to obtain 
the same level of detail as we could not always find in-
formation about the year of opening and closure of each 
stretch of line. 
One feasible way to achieve our database was to or- 
ganise the historical series in homogenous time intervals; 
in this case, we used intervals of ten years. We estab- 
lished this time interval, with base years ending in 0, as it 
was necessary to relate our railway data to population 
data at both the municipal and regional scales. The inter- 
val was set at ten year intervals to coincide with national 
census data, which were the main sources of the informa- 
tion used. In the majority of countries, official population 
3For more information about the Digital Chart of the World, see (Danko
1992) [16]. 4http://www.train.eryx.net [as of 23/05/2011]. 
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censuses are carried out at ten-year intervals, with the 
base references corresponding to years ending in 05; this 
is why we decided to use this interval and base reference. 
The phase of reconstructing the evolution of the Euro-
pean railway network (except Great Britain) was based 
on the Digital Chart of the World. By consulting histori-
cal cartography and other documents, we identified 
which lines were in service on 1st January in years end-
ing in 0 (1830, 1840, 1850...). However, although it is 
normally relatively accurate, this documentation does not 
generally refer to very precise data. 
Figure 1 is an example of this process. The lines of 
the vector layer of the Digital Chart of the World (DCW) 
have been overlaid on the 2001 edition of the Thomas 
Cook railway map, after previous georeferencing. The 
green lines are the DCW lines that correspond to railway 
lines in service in 2000, while the red ones show those 
that were not operative in 2000. 
In contrast, the Railways of Great Britain atlas [17] 
allowed us to carry out a more detailed analysis for Brit-
ain. It is unique in its genre as it provides the location 
and year of opening and closure of the different stretches 
of the British network and also of its stations. Further-
more, georeferencing the maps produced a low RMS6, 
which was always less than 0.2 mm, thanks to the avail-
ability of images in raster format without any deforma-
tions. 
The railway lines of Great Britain were head-up digi-
talised with a computer mouse. The database fields were 
then edited using the information gathered from the same 
atlas. 
Figure 2 shows an example of a fragment taken from 
the atlas [17]. This was used to obtain an optimum level 
of detail that it would be desirable to obtain for the whole 
of Europe. 
The data produced for Great Britain are very precise 
and allow us to conduct detailed studies, but they must be 
simplified and homogenised with other data for Europe 
when undertaking combined analyses. 
The next phase involved the correction of the topo-
logical errors which arise from the way in which spatial 
features were subsequently connected to each other [19]. 
The topological rules that were applied in order to 
correct the topological errors were as follows: lines can-
not overlap (duplication of lines); railway lines must lie 
within European borders. This last condition requires a 
polygonal vector layer for borders. 
It would also be ideal to conduct a validation to make 
sure that all the open stations are physically located on a 
 
Figure 1. Example of the railways of Sicily in 2000. 
 
 
Figure 2. Atlas of the railways of Great Britain [17]. 
 
railway line in service. However, we do not have com-
plete information concerning the locations of all the 
(open or closed) stations in Europe. It has therefore only 
been possible to carry out this operation for Britain. 
The result is a vector layer of railways that contains all 
the main and high-speed lines. The database consists of a 
field for every year ending in zero, from 1830 to 2010, 
that provides information about whether lines were or 
were not in service. In the case of railway lines located in 
Great Britain, this database also contains information 
about the year of line opening and closure. 
The main lines in Europe are of standard gauge (1435 
mm), with those of Ireland (1600 mm), the Iberian Pen-
insula (1668 mm) and Finland and the Baltic Republics 
(1524 mm) being special cases. High-speed lines are of 
recent construction and for rapid transport (with com-
mercial speeds of over 250 km/h). Narrow gauge, tourist 
and freight lines have been omitted because the aim was 
to focus on the basic passenger transport network and to 
leave aside lines of a more local nature. Furthermore, it 
was not feasible to include all of the narrow gauge railway 
5Although there are a few exceptions, like the United Kingdom, where 
the census is conducted in years ending in 1. 
6RMS (Root Mean Square) is an estimate of the error based on com-
paring the co-ordinates of the control points in digitiser or scanner units 
against their co-ordinates in real world units [2]. 
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territorial analysis when it is combined with other layers 
of information such as population at the municipal level. 
Some of the descriptive and analytical results that we 
have obtained are presented in this section. First, there is 
a cartographic representation of the railway lines that 
opened, closed and were in service during the periods: 
1850-1890, 1890-1930, 1930-1970 and 1970-2010 (Fig- 
ures 3 and 4). These periods were chosen because they 
are homogeneous, all covering 40-year intervals. Even so, 
a detailed analysis of the evolution of the railway net-
work allows us to establish periods based on the specific 
characteristics of each period: large-scale opening of lines; 
consolidation and network stability; line closure; and con-
struction of high-speed lines. These phases are evident in 
Figure 5, a graph that quantifies the total number of 
kilometres of track in use in Europe from 1850 to 2010. 
lines in a study undertaken at the continental scale. 
This railway vector layer is accompanied by another 
showing the railway stations of Great Britain. The data- 
base includes some fields which show the year of open- 
ing and closure of the different stations. 
The geographic coordinate system of the final data is 
European Terrestrial Reference System 1989. This has been 
the recommended reference system for data on Europe of 
the International Association of Geodesy Reference Frame 
Sub Commission for Europe since 1990 [20]. 
5. Results and Lines of Work Currently 
Underway 
This database does not only allow us to produce material 
in map, graph and table formats, but also to carry out 
 
 
Figure 3. Railway maps of Europe: 1850-1890 and 1890-1930. 
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Figure 4. Railway maps of Europe: 1930-1970 and 1970-2010. 
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Figure 5. Kilometres of railway line in Europe: 1850-2010. 
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The subsequent figures show the wide range of scales 
at which these data can be analysed: continental, regional, 
local, etc., (Figure 6), and that it is possible to combine 
them with historical borders (Figure 7). 
Finally, we present two examples of analysis. The first 
shows the relevance of relief when it comes to establish-
ing a railway network in a given territory (Figure 8). The 
main focus of the following example is the evolution of 
the population with access to the railway network in 
Spain between 1850 and 2000. Figure 9 shows a map of 
the agglomerations that had access to the railway net-
work in 1970 and those that lost such access during the 
period 1970-2000. Table 1 shows the percentage of 
Spain’s municipalities with access to rail connections and 
also the percentage of the national population that they 
represented, in each year ending in 0, for the period 
1850-2000. 
The section concludes with the future lines of work 
that will provide the railway database with more informa-
tion, which will allow us to conduct more detailed analyses. 
The information presented in these maps can also be 
shown in the form of a graph, although this then loses the 
geographical view of the spatial distribution of disparities 
in the railway system. It does, however, provide a much 
clearer vision of the stages of railway evolution for the 
whole of Europe: opening of new lines; consolidation 
and network stability; closure of lines; and the construc-
tion of high-speed lines. Figure 5 shows the kilometres 
of track in service in Europe between 1850 and 2010.  
On the other hand, Figure 6 provides an example of 
three maps, at three different scales, that were produced 
using this database. 
Adding the international borders that existed during 
each historical period allows us to study the importance 
that each state has given to its railway infrastructure over 
time. However, as in the case of railways, borders may 
change over time; for this reason, it is also necessary to 
have a layer of historical borders, as shown in Figure 7. 
One type of study that derives from HGIS analysis 
seeks to compare rates of population growth at the local 
level, distinguishing between municipalities with and 
without railway connections. This line of research was 
first undertaken by Schwartz, Gregory and Martí-Hen- 
neberg (2011) [21], who presented an analytical ap-
proach focusing on the relationship between population 
change at the civil parish level and the presence of rail-
ways, based on the example of Wales. Amongst their 
work, it is possible to find the following image (figure 8), 
which shows how railway lines were generally con-
structed in the flattest and most low-lying areas. 
A second analytical example combines railway data 
with that of population for urban agglomerations in Spain. 
Municipalities expand to form an urban continuum that 
stretches out beyond their administrative boundaries [22], 
until they come to constitute supra-municipal entities, 
called urban agglomerations. Given the lack of informa-
tion regarding railway stations, it was assumed that ag-
glomerations that were located two kilometres, or less, 
from a railway line were connected to the railway net-
work. 
In this study, the Accumulated Annual Growth Rates 
(AAGR) of the agglomerations that had railway connec-
tions were compared with those of agglomerations that 
did not. The results obtained showed that during the first 
half of the 20th century, railway access had a positive 
effect on the growth of municipalities with fewer than 
 
 
Figure 6. Three geographical scales of analysis. 
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Figure 7. Railways and historical borders in Europe: 1880, 1940, 1970 and 2000. 
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Figure 8. Railway lines and terrain in Wales (R. Schwartz, [21]). 
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Figure 9. Railways and agglomerations in Spain [23]. 
 
Table 1. Percentage of municipalities and population with access to railways in Spain: 1850-2000 [23]. 
 Percentatge of municipalities with access to the railway Percentatge of the total population with access to the railway Total population
1850 1.9% 0.8% 40.496 4870.407 
1860 13.7% 18.5% 1050.419 5679.406 
1870 31.5% 46.1% 2798.804 6076.452 
1880 36.3% 53.0% 3447.388 6502.595 
1890 45.1% 60.8% 4296.769 7072.617 
1900 48.4% 64.1% 4939.631 7710.599 
1910 49.7% 64.9% 5483.144 8454.907 
1920 50.7% 66.7% 6384.954 9573.728 
1930 50.9% 69.3% 7798.014 11253.955 
1940 54.8% 73.9% 9742.944 13176.658 
1950 55.1% 74.4% 11055.699 14862.720 
1960 55.2% 75.9% 13286.930 17502.701 
1970 54.4% 77.0% 16993.770 22077.666 
1980 52.9% 76.1% 20046.475 26357.821 
1990 50.0% 73.3% 20836.899 28427.328 
2000 48.8% 71.4% 21012.070 29413.771 
 
2000 inhabitants. During the 1960s, however, the lack of 
a connection to the network tended to have a negative 
effect on population growth, particularly in the case of 
municipalities with more than 50,000 inhabitants. In the 
case of municipalities with populations of between 10,000 
and 20,000 inhabitants, the presence of a railway connec- 
tion tended to favour growth during the first decades of 
the 20th century, while the lack of such connections 
tended to have a negative effect on their growth from the 
middle of the century onwards [23]. In other words, the 
effect of railway connections on the population growth of 
agglomerations varied according to their population size 
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and the period in question. 
Figure 9 shows a map for 1970 with the railway net-
work that was in service at the time and distinguishes 
between urban agglomerations according to whether or 
not they had railway connections. This is accompanied 
by a second map that shows the railway network in 2000, 
the lines that had closed since 1970 and the agglomera-
tions that were not connected to the network.  
Table 1 shows the percentage of municipalities and of 
the total population with access to the railway network. It 
is possible to observe that during the period 1850-2000, 
the percentage of the population with access to the rail-
way network increased more rapidly than that living in 
municipalities. By the end of the 20th century, while al-
most three quarters of the urban population was effec-
tively connected to the railway network, fewer than half 
of Spain’s agglomerations were connected to it. 
Our future lines of work will consist of updating and 
completing the database with information that is not cur-
rently available. For example, we aim to add a layer cor-
responding to railway stations in Spain which will allow 
us to calculate the connectivity and accessibility of the 
urban areas with greater accuracy. This is already possi-
ble for Great Britain because of the availability of a vec-
tor layer of stations that topologically coincides with that 
of the railway lines. We also plan to add information 
relating to the travel speed on each stretch of line (and 
for each point in history); with this, it will also be possi- 
ble to calculate accessibility in temporal units (travel 
time between two stations). With other data relating to 
such factors as the electrification of lines and the number 
of tracks, it will also be possible to analyse railways from 
a qualitative perspective: the modernity of the network. 
6. Conclusions 
This article presents a methodology for the elaboration of 
a HGIS for railways. This tool emphasises the historical 
perspective of geographic information which is used as a 
research tool to study the long term impact of railways. 
The spatial perspective, which already forms an intrinsic 
part of GIS, also facilitates the operation of combining 
data for other categories, such as population. The objec-
tive of the present railway HGIS is therefore to analyse 
the impact of the network at the global level of Europe 
from a historical perspective. 
The most complex stage of development was that of 
researching the historical cartography, as the maps con-
sulted show a different state of the railway network, al-
though they are edited at the same year. We therefore 
decided to give priority to certain sources rather than 
others, though we still continue to look for new ones. As 
a result, the development of our railway HGIS has not 
yet concluded and we shall continue to correct errors in 
the existing database with the help of new-found sources.  
This correction process is intrinsic to any form of his-
torical research, because with time, a wider range of data 
becomes available which makes it possible to obtain 
more precise results. 
Building this tool has been a long and complex process. 
This was firstly because it involved integrating data from 
many different countries and secondly because we had to 
deal with an extensive period during which there were 
periods of network destruction and ones for which little 
information was available, with the Second World War 
period providing an example of the latter case. 
The railway HGIS presented here is novel from the 
point of view that it has no direct predecessor, either in 
terms of its geographical extension (the whole of Europe) 
or its time scale (1830-2010). It also shows the capacity 
of mapping to transmit geographical information, which 
allows us to get a rapid idea of the evolution and distri-
bution of phenomena within a territory; in this case, re-
lating to railways. 
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